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MOLYBDENUM IN ARIZONA by Jan C. Wilt and Stanley B. Keith 

Figure 1, Moly: Comparison of 1967 10 July 1980 copper and molybdenum prices 
(absolute dollars). The dramatic price increase of molybdenum in recent years 
has J1elped considerably to bailout Arizona's besieged copper irtdustry in 1979 
(see text). Molybdenum plice is based on Climax plice fOI molybdenum concen­
trate. Source: Engineering and Mining Journal. 

Arizona's preeminent pOSition during most of the past century in 
world copper production has been much publicized, However, it 
has not been as well known thaI, lor the last half century, Arizona 
has also been the world's third largest producer of molybdenum. 
behind Colorado (the largest producer) and British Columbia, 
Canada. Arizona leads such countries as Chile and Russia in 
molybdenum production With resources of some 850,000 metnc 
tons of molybdenum, Arizona's porphyry copper deposits account 
for about 20% of the overall U. S. molybdenum resources. Demand 
for molybdenum is expected to double by the 1990s and triple or 
quadruple by the end 01 the century (Sutulov, 1978). 

BUREAU STUDY 
As a result of increased interest in this little-publicized metal, a 

comprehensive literature survey was made by the Arizona Bureau 
at Geology and Mineral Technology under a grant from the U.S. 
GeologIcal Survey. For this study, published information abcut 
molybdenum occurrences in Arizona was compiled on CRIB 
(Computerized Resource Information Bank) forms. Recorded In­
formation includes Ihe location (by Tcwnship. Range, soction, 
latitute·longltude and UTM coord mates) of minerals present In the 
depOSIt, metall;c elements present. tyDe and age of host rocks, 
age of mineralization, ore control. structure, alteration. property 

I In this issue: Seismic Evanls, p. 4; 

Wulfenite from the 79 mine, Gila County, Arizona. A favorite with mineral collec· 
tors, wulfenite occurrence patterns may also help exploralionlsts in their search 
for porphyry copper deposits (see text). Photo: Stanley Keith. 

status (e.g., prospect or mine, actIVe or inactive), mine workings, 
past production, and reserve data. The computerized data will be 
released to the public by the U.S, Geological Survey. In addition, 
the Bureau is preparing a map of molybdenum occurrences, to­
gether with a tabulated summary 01 each occurrence. 

The last census oj Arizona molybdenum by King (1969) listed 39 
occurrences Examlration of molybdenum minerals reported in 
Anthony and others (1977) revealed an additional 40 occurrences. 
The file forms prepared by Stanton B. Keith for the Arizona Bureau 
of Mines metal occurrence maps doubled the number again, and 
a detailed reviewal the literature on the districts known to conlain 
molybdenum raised the number of reported molybdenum occur­
rences to over 400 Recently, molybdenum has acqUired new 
economic Significance as a result of the upward explosion in 
molybdenum prices In 1979 (Figure 1). This article examines the 
new molybdenum economics and its Impacts on the Arizona cop­
per industry and summarizes some of the salient points of Arizo­
na's molybdenum geology. 

MOLYBDENUM ECONOMICS 

Uses 
Molybdenum (or moly), like cobalt. platinum and chromium, is 

one 01 the more important strategic metals In the world. It ;s used 

Cua Grande Bulge, p. 10; Symp05/um, p. 12. I 
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wi til chromium as i-m a:loy in missile and alrciaf! industrle,;, electric 
i-Jild Pif!CirDilIC Industries, and Iill! rlucl(,dr encrqy irldustry, Molyh­
denum s special propflrties ;nciude a 11igh meltlllq point, high 
strengtll at elevi-lted tcrTlpflfalures, hlqh resistl-Hlcf) to corrosion, Q 
low coeffic>ent of expansion higll tilermdl conductivity dnd Dood 
iliioYI!I[J pr()pertle~; 

Irl trace qUi-llillties, molytldenum IS considpffJd important to vari­
ous PrlLyrPEJ-reIQ:cd processes Irl Ule human body, A!!frouUh too 
much molybdenum may prodllco gout-like symptorrc; (accordinq 
10 some researchers), 1T,0lybdenull' If; presumalJly us!;enlldl irl 
maintaining nutritional balance, togetller witn copper and /IIIC 

More thi-m 7~% of lllolybdflrllJrIl COflsumptlDrI III the western 
world IS w;od In constluctlonnt ailoy (49%), stninless (?O%) amj 
tool (9%) steeis. W11:le too! steels contnln more molyhdml1J1111han 
constructionsi alloy stuO!s (5% versus 0_25% contained moly), 
rnm-;I of Ihe molybdenum cOIlswnption has beAn in constructional 
alloy sleflls, f lowcvor, thiS situalion is changing rapidly becdlJSA oj 
the expanding demnnd 01 high-moly tool steels in tilE) f:nergy In­
dustries, such as, pipfl for casing in deep 'sour' oil and gas wells, 
pipelines and drill sleels 

Molybdenum Production in Arizona 

-I abi() 1 sLlmrrlarizes historrcal Arl/ona mo;ybelel1um production 
The gruaiflst majority of I\riLol1" molybdenum producliorl corm"s 
from molybdenite ccmcerltrates oiltalrl()(i ns ,j by producl from 
copper minlng_ 

UVer (HIe-half of the total ArlLorla product,on 01 190,tlOO ton" of 
n:oiybdenliA conc()nlralc:-; (::381 mlliJorl pounds of containe(j molyb 
denelm) came from the Pima l1Iirlirlq dlstrlcl Prior to 1956 whcm the 
Sim MclJ1uel mlr1(~ 'NAnl irno producll()fl. melcll of Ari70rlil's molylJ 
dcnlJl)) W:-lS produc(,d frorTI wulfenite corlcflfltrates thai were mUled 
prrncipally at the ivlammolh-St I\ntil0ny lTIine, SOIT,e 'NIJljerlit~: 

production cnme from the Total Wieck Illine and, pOSSibly, from the 
Old Ywna mine dlHirlQ World War I 

Molybdenum and the Arizona Copper Industry 

IronlcGily ~lle two copper mines With th() Ihg1mst hlstorrca' 
molybdenum f1roduction-- Sierrita milifl with 133 million pour',ds 
i-Hl(i Sarl Manuel with 66 fHi!on POdl1rJ:-;--woulel not have bppr1 
brought into pmducll(Hl at Ihe (Irne wl(hOIJt government Io:-ms TIIC 

TABLE 1. MOLY: REPORTED MOLYBDENUM PRODUCTION IN ARIZONA (1915-1979) 
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Figure 2, Moly; 1967-1979 copper production, molybdenum production and 
copper-molybdenum production ralio. Source: SGMT lile datil. 

S:-m Manuel mine was devplofJfJd W'tli the a_d of i-Hl 80 milijon 
doj)i-H [Jovcrnmerlt i-J(Jv3nce agaird future copper dpllveri~)s, nno 
WdS orlgrnally disco'JDled dLJrirlU a LJ ~;, [Jureacl of Mines ()xpio!n 
tlO'l ddlir,q prompted by World INGr II copper lIoeds, -llle Sierfil:-l 
ITll'le ill thp PlllKl minin~ district was developud With [~Ie aid cf i-j 

58-ili.I!lon dollm ocm frorn GSA (U_S CJcnunl Services AdminIS­
tration) ir', ti'e latc 1960s Without gover:Hnerli :()i-H1~;, 60% of Arlzc­
na's hi,'t()[ICi-J1 molybdellum produc(!orl WOIJld Tlave IJeun lost. 

III ti'e Ii-J~;I several years, however_ Hifl rnulytldenurT; marke' hi-l!i 
IIHrH-)(j deCidedly tllJliiSh arid is 'ldVlllg cOllslderi-iUy more cco­
nomic iIT'pact ()(I ArILolld-~-; copper indelstry 'hiHi In YbiiS past 
Figures 1-:'1 chart mo!ynelef'um's incre!-JsillC] cconOllllC clOl,1 
Sir'ce lSr!O yemly copper all(j fnolyhdm!ull) melal produc;lor' 
tli-lVU iJl)()u~ double(j (Figure 2) Ilowever, durinQ triP sarne pC:lod, 
yemly v'slue of rTl()!ytJder;um production has illcrPd!;cd Algilt tI-r-:es 
as c()(:1pared Ie i-l t'Nofold 'lIcense fa' coppflr (F Igucc 3), I rom 
1967 to 19(::\, tllc mtlo of copper to m()'yhcju~um produc~lorl Irl 
pOI;nds, ,::~)eHfly declined as ~r'orp ITiolytJderu'll recovery pl:-Hlls 
emile 1(1le operation ~~r;d _'la,s levelfld of[ ill nbcut liO' I sillce lD73, 

TABLE 2. MOLY: WESTERN WDRLD MOLYBDENUM SUPPLY/DEMAND 
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Figure 3, Moly; 1967-1979 copper value (absolute dollars), molybdenum 
value (absolute dollars) and copper-molybdenum vulue ratiO, 
Sotlrce: BGMT lile data. 

in cor-lrast, s:nce 19711, the rTlo!yhdcnurr-coPpflr dOllar rGj,o for 
Arizona has stendily declined from 33 ~;o 8,1 in )979, If tne tremj 
on Flqure:3 cOIltlnued Ir1to 1i1f) i',Jture Arizona, dcllar-w:se, WOIJld 
t)()cDlnu a 01o,yhdflIl\Jln state after 1981 Iluwever, Arl70na WII! 
rrn!ntG'~ ItS reputatlorl ns the 'copper Sldlc' well irlln 11m foresee 
able fL:Llre for reasons outilned in tl:u next sectlC)(1 

FI(_JIJle I clfJi-Hly sr-ows ifldlillolybderur:,'s new economic rn,JS­
C:H r[l ArrL(md IS rela!ed tu a Clamatlc price (Ise s,nce 19-/4 Cu!r,­
parml tu copper, ihe pr;cc rise IS preclpdollS, wlIh the moly/cup per 
price ratie ificrensJng f'orn ahout :,\,111119711 tn over 111 by May 
19RO Two rpasur,s exolall1lhc IllnSSlve moly prLce t:.ke, T'le fir,:1 ,~: 

rAlatflCi i() tlH) US govCHnll1()1"'t stockpile of 80 m Ilio:l p()lHld~, 

o! molybdcnL,m Vihld' INns ;al(:)ely ciep\eled llY the emj 0: 197" 
(Tallie 2), lhrocl[]11out 1I",e early IU/Os d(~man(j ::{){)s:stently out­
stripped proeJuct'on Much of tim cxtra demi-lIlcj however, Wi:i,-~ 

i-l.bsorhed hy pPriodic releasps 'rom the U S, qovc'rrment s:cckOlle 
Tilesp (f)1l:ilS(~S clearly IIi-ld d pnce d3rn~irlq p-ffect. as ,mJ!::i-llcc 
by the nearly corls!arl: mOlybdellelrn price Ihruug~ 19(4 WI',en me 
stoc,<;p,le 'Nas (Jeplcted, the pricp :JeJiUlCr \"'3.S re!TI()v(;d, 1IliS 
deplellorl, COrTl[l'rled With ar' IliCrei-Jslr,U delllGIlU :m :~:Dlybderllrn 
rH~;dl, Sl10l jle price Df {noly trto tre eC()l~OiT',C st:atoqlrl(;le 
lJe~G.1d for Illolytldprll,m \','GS so tleavy 'rl EJ(~J til<:V sp()1 prlc(~~; lor 
moly consistentiY surpclssed the;.'() dolii-,r (r'ark iirid 'rl .kmc 1979 
SOi-HeC] 10 :-]4 dolin's ~e' ~O,tr'(1 T'II::;, molytJde'lI,rTII,a~, ·'10re C (JI,; 
'I:an c'/cr at AJILrJrld'S coprlcr m'lles, 

1,1 centrast, tI-,c rcICd~;C of tl"IC IJ S T,verr"',c'l: copppr ~i()ck;)lle 
by 197:3, togetfcer "Nitll forelq,1 cornpp-II:I:l'I "r'ci ,:Icrhlscd ~lllltr~J 
costs, severely oeprcssed he CHT1C:;: c (;Op~fi' ""rkc, Uy .c;',d 
El(E\, ,) S cDp'el prcduce's :-we Intelcs,l:lqly cn~),.Jqh, ;'lelr 'lhcr 
,lrll()'I:; wc.'c call:nq to' 1!'lr;()'t r(;~;t"C:IO·'S CI' wlelelya\,'-llii-ll:!C 
crlea~ forelq1 cepp~:,r (SCl; flclei,')u[cs v 0 II 1 6.?) [;enlpllu:l U 

cOlltimH'd "" I'a~e 7 
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Earthquakes Causing Damage in Arizona 
by Susan M. DuBois & Ann W. Smith 

Nf-l<Jrly two yoars Hgo (9/78). Hie Bureau began researching 
historical seismic,!y In IVIL()Ili-L T~le purposf-l 01 current efforts is to 
prod,-,ce a revised eplcelli(·~r map amJ f-leHitlquake caia!o[J for the 
pf-lriod of ~llst(Jrlci-l1 record 

Ir~ ArrLolla. written records da(n back to Spanish explordtlofl 

-I h(~ f-larliest eVe'lt ducumented SO fm is one experienced by mum­
bnrs of tile Cor(Jriado f-lXpeditlon in 1,')40. The firs, s~~lsmogmph 
was installf-ld in 1909 .inlucsofl HmwNer. edrthqudke chronology 
(li-lS been grossly incomplete untii vefY rf-lcently, porllaps w the last 
20 yedrs Ari/Ofli-l still lacks adoqlJate ~i(-lismic Insif:Jmentation lO 
r(~cognlzc Gnci acclJratuly locate 1'11r1Of earthquakes throlluhout 
thf-l state. 

I'I(;U)I.I, I: SliMMAII.Y Of- 2() DAMAGING I!ISTOII.ICAL ShlSMIC EVE~TS 
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Comment. 

lEI tho epicentral aroa, ';f"jor Heimulma" and 
hi.I ran}", in atrip made "ftCT Doc. I.~, Inund 
"ver 100 ",ud vol"anoes. Tho volea""e, werc 
suil emi[ting ,tea", ,ond gosse" [he major one 
erllpting every HI-15 min. and throwing mud 
6(1_ 70 ft. in the air "] he shock wa, violent 
at rt. Yuma. Mucb fi'''mn~()CCurrc<lln 1he 
Yuma area, and ",cHa!ls we,-e ob,ecved at 
Ch,mncy Peak and at (Jther rnOLlnta[ns. In 
"""c plac"s, Colorado River ,ailk 2 ft. and 
banks caycd in at Hlany localion,. 

_In Yuml!, people rusbed (JU[ I"to the ,tree!, 
Two building' werc cracked. 

-This n"'J~r quake camcd 51 doath, [n n""hem 
S"nnra, and maJ"r de'truC!ioI> to property in 
Mexico "nd SW An"Jna. A faul! scarp 50 km 
lung and 1 m hogh formedju,t ",uth nfthc 
Aliwll.-MeXLco b,,,der. It w"' fel! in nearly 
hfty [Owns in Ari",n;l, [ndud,ng Bisbe •. 
C1ifto", (;Inhe, PhQenix, '!UL'OIl, ,,,d Yuma 

·--Large fhsure, opened "p al~ng thc Colorado 
i{j"er in Mexico. 1lmIle, on I,erdo were badly 
cracked, ami .,cvcral Were de,t"'Fd.!" Yuma, 
penp1e rushed into the ,treets. ,ome wall' were 
cracked. and ,mall abjec" were moved about. 

- W.mlows ratded, hanglng ~bJects swung. 
cloch 'topped, and a few p""rlc ru,hcd 1m 
the street. 

A[ Hag,toff, sever~l chimney, weTe thrown 
down, wall; "mckc,I, and gla"w .. e "'''' 
broken. The ,bock wa, fell," Angell, 
llellenwm, Phoonlx, Selig",atl, William", 
Win,l~w, and town> Ln New )'le~[(:o and Utah. 

_iI, [hc "plcen"al [egi()n, 'CHrc daHl age was 
dotle to ad"he "nd ,tone huilding'. Tbe 'hock 
w., nf\"ff[Clent force t" awaken people in 
Ilcn""" H .. ,bec, San Ber"ardinu Ranch, 
T~mbstone, and Tuc",n. 

_In thc Coconino Forc,t, a ,eric, of ,hoc" 
caused boulder> tn Tnll ,oto the camp of a 
con"ruc[i~n crew. Tile, h"ek, were tell 
through"'" northorn AZ. ,outilem In, and 
NW NM. r'ifty twn weTC fel[ in Flagsl"ff from 
Scrt ](1 thrO\[gh Sept 24. 

- .. People fled to ,troe1S tn Wlnslow, flJgqaff. 
'Iuha and William,. Wind""" and ",neker, 
were h",ken ,n William,. Damage to hou,o, 
w,,' al,o reported in Wi1l",m,. NavajO lnd",", 
reported "a"hcr"ck 30 mi l~ng:>J of Sa" 
hanclSCO Peak<, wherc r<lck,li'lcs wcrc .Iso 
reponed. 
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4, f! 

2 I, 27 

18,27 

7. II!. 17 

7.12.2U 

2, 7. 17 

_In Yuma. b"i1ding' tTcmblori. d"he, ami hooks 7,17,22 
fell off ,hclve,. and W,[er Ln p,tdle" 'pl.,hod 
out l'cnpler",hed into thc 11rc"LI. 

_('Tevlee\ "pened ami TO,,,I, olldlcd In [he 6,7,15, 
epicent,"1 regEno. A ,,,,aying mo[ion WJ' felt 12.24 
[n Phoetlix a"d YLlm,1. The quake wa, "I,~ 
noticed ll' C",a {;ramk, Conl"lgc, Flnj-", 
FI~lencc N(JHak" Prose'ott, and T\lc,\~n. 

-';l,no[" ruck ,bde, ""cu"",1 1V,",luw, broke 7. /2, 24 
andpla'tel cr'ck"~ 'l> the [OWl> "I {;T,od 
Cany"". A .,ul>torrdno,,, rumhlc awakened 
,iecp"" 

-Tho siwek cou,eJ 'ilgil[ d"H,,!'e H[ Sage 12,21 
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Comments 

-In Dlincan. boHles fell from shelves and 
p1a,ter wa,I cracked. Snme crach occ[![[ed [n 
wall" In Cliftnn, a deep rumble was heard and 
trees and hu,he, shook. The "h"ck "'Ii> al", felt 
ll\ Morellci. Safford, ,\.1\ Snll(Jn, aIld Thalcher. 

Nine people were killeJ and 5-$6 mJilion 
damage w,,, dn"e on the erice"",1 rcgi<m In 
the Yuma diwlet, damage wa, e.'ti",ated at 
S50,OOO, F<H" water ,ernee Ii "OS wcre broken 
and tile irrigatiotl ,,'tem w"' badly damdged. 
Large crevle., were formed, In Sam.non. 
lOad, were buck led and hwlge, were ,i] ,Iodgcd 
Ah" felt in Phoenix and Tucson. 

(;rouEld ct.ck, y, in. wide to 12 h. I~ng were 
f~und ,o\lth 01 (;"nad" Trading 1'0,1 

Di,he, arld window, were broken at Globe. 
Snmc buildings were crocked.1 San Carl", 
Re,ervation It Wa, felt at Coolidge Dam. 
Miami, Roo,evci[ l.ako. Tu","n, ami 
W,nkcl",an. 

!"be .,11Iwk cau ,cd sl ight damage in the p, e.,cott 
arca. M[fr~rs, b"tllos andgl.,,", hrnke.!t was 
lelt In mall}' tow", in Ari,"""a, including 
Flag'taff, Phncnix. Tucson. an<I Y\lma. 

-The q,,"kc caLl.lcd "lLnor dam.gc in Yuma. It 
Wa, felt in Phoeni~ and Tucson. Damage near 
the epicenter town' of Hra wle)" {'alex I cn, 
!mpcTial and 1:.1 Centro w"' e,timated to be $30 
mil1i~n: 91 people were injured. Strike slip 
off,e! -">7 em mca,urod (In Imporia1 hult, CA. 

_ !'wo people wCrO killed and about 100 injured 
in MX. Tbe quake kn~cked grocerie, off of [he 
,helve, "btore, in Yuma. 11 w"' felt in 
Phoe"i~ and ,n Tucson. 

-""'------ ' 

6¥, Flo~,t"fl 
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~ 
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5.14,25 

/4,26 

Figure 2: Epicenter locations corresponding to earthquakes in 
Figure 1. 

!niurPliJilorl (HI e2rc'lq .. mkes ff-l·t cr rf-lCm:Jp.(i II' Ar170r1d Wil~; 

,;ollgh: from mdl1Y In~iiltlJtl()I1S rclcrc'1ccs ,',rlO p~r'i()rld cur"'",I::b 
I h'dry :eso3'ch I-·as t~C;O'l conOL:cteo ,v 1'10 U'lIVUS·ty" 01 iV·Lona. 
St"lte Cap'tol Arcl,ovl~~i (f--'~IOO'lIX) locdi I'storleal soclet:c,; anei 
rTlliS81;rTI,;, a,~ well as Iii several depa.'tr"ents of ('Ie U S ~Ja\ opal 
p.r::hl·,'f-l'; eWe! t!18 llbra('/ ci Ccnwess (,,\las'llr1Qto"l. IJ C) M'cro 
Ilim, 1;(hHl(] r-,pwspape' voll.Hles ;·md speci:.l.1 collectlO'lS Gf hW,,' 

co'rcsporclor'u; ~j"HlC~': ,i'lC dccumu t~i ~ "ve beer ~Ci1rc' oc~j I; 
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Figure 4: Isoselsmal maps 

a. August 18,1912 

b. May 3,1887 

---'---- .... - .... _-
il;w 'Nea,rer reports 1fO{TI ewiy military posts and wea,he' statiolls 
"ven; ol;(cw"d III tf:e Polar arld Sciontltlc Archives (Wa"hir;~Jton 
[J C) Ilowe\/cr. rII()st 01 :IIP IflfmrT";'ltlor' Orl fdE) COnSlSi!'; of corltUTI­
pml-Uy nCWS030er accounts of loca, ;.,rlej \Jlstart ea'thollakes 

I lUdiC 1 SJ'TrrlaCl/fJS "]d.'!"! of :rlP I,HUest carthjlldf\CS II ()f 

CIPa c II' Lona (ep.centR c o::atlO"ls clll[jure?; 

b. 

Figure 3: DuBois: Preliminary map of his­
torical earthquake epicenters. 

Raymond: Picacho BaSin site, 
gray shaded areaon map 
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the copper stockpilfJ exposed U.S producers to foreJign competi· 
fon lIlat was dfJdicated to producing cheap copper for badly 
needed cash 10 Ilelp buiid tlleir iridustrial bases E3ecause U.S . 
producers were unablo to raisfJ pr,cos (0 cover the Increased cost 
of rninlrl[] and fTlClirllairi a profit rT'argm, U.S. copper fell Into a 
SfJVere slump In 1977 and 1978 At the time, restrictions on foreign 
copper Imports seemed the best solution, L.;ntil the amazing up­
ward explosion in mfl\al prlcns led by goid during i979 carne to 
the financial rescue. 

Largely Decause Ihe lJ S. moly producers had no impurtallt for­
eign corr;pelition. the history of the molybderlum Industry wa~; quite 
dlffe(erlt LJrlilkc copper. molybdenum production and knowrl 
reserves are ilmited primar:ty to North Amenca and most of these 
reserves are Climax-type porphyry molybdenum deposits in Colo­
rado Whefllhe m()ly stockpile was depiBted, U.S. producers !lad 
no major worry about pricfJ wars with foreigrl competition and 
could ri-JISfJ prices In order io cover mining costs and maintain a 
healthy proilt margm Becauso approximately one in every eight 
dcllms produced from porpllyry coppor deposits in Arizolla was a 
moly dor(ar irl 1979 (as compared to only one In 37 in (970), 
molybdenum doilars wore a major factor In the recovery of 
l\ri70na'~; copper indllstry In 1979 Willie copper prices also 
'ncreased and briefly flirted with $1.50 per pOLJrld, the cum:mt 
$1 00 per pound is barely i<.eeping pace with :nflatiorl from $ 58 per 
pound for copper In 19'10 T~1fJ rwarly 600% irlcmaso irl moly price 
from 1974 to Marcil 1980 obViously outstripped inflation and 
helped conSiderably to rescue Anzorla's bosloged copper indus­
try irl 1979 . 

Arizona's Molybdenum Future 

Economic imJlcators within the last several months irldicate t!le 
moly price rllomontum is siowlrlU. While molybdenite concentrate 
at Climax. Colorado, remains at $10.31 per pound, spot prices for 
'llolybdlc OXide feil to as low as $6.50 per pound III early July, 
~9tlO. 

Theso prices roflect a COflslsten! price drop for moly on the spot 
market throughout mucl~ of inc first haif of 1980. Market analysts 
speCUli'lt,) that tile 1980 molybdenum market should riot S,lQ any 
price hikes comparable to the late 1970s. The prinCipal reason for 
HilS IS that several major new rnulYDdfJnurn n:ines are sclioduled to 
come Into production In Nann America dUring the 1980s Til8se 
mines are expected 10 absorb the 'iSing moly demand during tre 
1980s. and some analYSIS we hypotllesiNIQ i-l possiUo molyb 
ejenum glut w~lldl wlil stabilile or lowor moly"udenum prices. Sirlce 
1974. the copper/moly production ratio irl ArlLona has beer! about 
60.1 and tllere !s rl() reason to expect the ratio to chari go drastl 
cally if! tile r,ext eiecade. The copper/molybde(IlJr" dollar raro in 
1979 was closfJ to Wl13t Ii was 1111978. and, wltllOU! aCIY major new 
price cilcm~JP.s. s)10uld approximate 8'1 :n the loreseeable future 
rhus, AnlCw:a's future as a copper s,ato 1<; secure. but molybdenum 
w II be a much stronUor ecorlomic partner til an in years past. 

GEOLOGY OF ARIZONA MOLYBDENUM OCCURRENCES 

Mineralogy 

Ahout Ilalf of the 400 known molyudeilll'n occlJr!ences irl 
Arl/()r1a OCCl,r as 1he minerai mclYDderlltfJ (t82 mDoned OCCllr­
'fJ,'lces). Most of the oLner half of the ArlLolla mo!ybderllJrn oc­
currencps (150 occurrences documented) are as ,ile minerai 
·,·iulferllte. ; 'le {cI'alning molytJdcrllim Dear rig rTllrlcrals ((;ported 
irC',Jdc ;JI cCCU'lerices of pDwe':lte. ;J1 of forrlmolybdlte. S of 

Ilrldgrenite. I;l.rld 12 occurrences In urallium deposits as the miner 
als, umohoile, ilsernarlrliie Bna jordisite. 

Molybderlite 

Molybdenite :s easily recognlLed by itS shiny. ,ead·grey color, 
greasy feel and softness (It can be scratclled wi!h a fingurnail) 
TillS rnolybdenurTi sulfldo. MuS2. is by far the most abundarn 
molybdenum ml!l8ral and usually occurs as dls~;Gmlnated grains, 
foliated or radiating masses. or thin scales Molybdenite crystals 
are usually ihin-to-moderately-thick tabular plates with a rougll!y 
hexagor131 shape due to the poorly developed side crystai faces. 

A rosette of molybdenite crystals perched on odularia 
feldspllr ond quortz, from Childs Aldwlnkle breccia pipe, 
Copper Creek, Arizona. Molybdenite is the most IIbundant 
molybdenum mlnersl snd;8 lar snd away the main source 
01 Arizona's molybdenum. Photo: Stanley Keith. 

Mulybdonlte occurs in tho ceniral p8rts 01 dissemlnatod coppor 
depOSits, in assOCiation With chalCOPYrite and otlior copper sul­
fides. These do pOSitS are commonly found near 75 50 my. oid 
,ate Creiaceuus early Tertiary siliCiC igrleuus intrusions (I'm later 
part 0) the Laramide orogeny). T~lE:l dl~;semirlated molybde(II(~l 

grains are usually ilssoclated w'th quart7-K-spar (potaSSiC 
fcidspar)-biotito veins III the morc potassium-nch assemblages 
of the porphyry depOSits. examples of this occurrence slyle are 
the Sierrita, Esperan?a. Tvml Buttes and MiSSion-Pima depOSits in 
lI10 Pima mining cb(r:ct of Plr'na County, :he Copper Creek. San 
Manuci and nay depOSits of Pinal County, MorenCI In Greenlee 
County arid ,he Minerai Park depos'! of Mohave COL<nty 

ApprOXimately 10% of Hie molybdenite occurrerlces in Arl7UrlCl 
am In broCCI3 pipes (ciUar-srlBped columns uf hlghly-fractlJrod 
rock) roiated to porphyry copper occurrences AtlOUi half of those 
arc in the Copper Creek area of Pinal County. where the Ch,lds 
Aldwl!lkel mine IS a pr,me example. In til,s mine, mclybdenite was 
the latest sulfide minerai to be deposited amJ It was concB'ltrated 
In t~lfJ ()uter part of the breccta pipe, peripheral to chalcopyr'te arld 
pyrite. The othor hal[ oj the breCCia pipe depOSits are in tre Cop 
per Basirl area of Yavapai Courty. Chalcopyrite, pyrite and 
molyhden;te occcir on fractlHfl surfaces .(] d square-rTlllfJ area irl 
thE) quartL rron7orlite porphyry Of the Cooper Fh,]sln Irltruslon. but 
the molybdenite IS cOrlcentratfJd In fractured Pl[)() structues SUI 
rounded by altemd arcas. 

Truty-two (Imder 20%) of Arlzo'la's molyhdenlte occurrfJllces 
are Irl 1700 t() 1300 my. ol:J rrecambri!:U1 Of 190 to 15U rn y o:d 
. ..iUfilSS'C ore deposits ir' veins. Llslially tIJr'<Jster' or qcld-quWt7 
velllS. Fifteen pcrccrl' utile sl<.Itc·::; molybd[J(lIt(~ localities C1'C 
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assoc!i-Jip.d w,tr, Precambrian ore deposit systems About ha'f of 
tilCSU OCCLIrrepc()~-; arc II' Yavapai Coullty irl ljold-quart7 veins III 
Precar;,brI3n ljriY10dlonte,;, quartz di()[ltfJ~; or Yavapai Sd;:st_ A 
quarter of Ihc Precambrian molybdfJr1ltu occurrP'(lccs are 'n Gila 
County til tunQsterl veins i-j,;soclatcd INlth WJljrnatlte dikes or 
ql!i-llt/ VUirlS, or f-lIfJ in bffJcC<dt(-Jd uranium deposits that are 
ilssoclated WIPl a Prccarnbllan-aUod Dnpplnu Spnng Ollalt7ite 
of tI,e Sierra Anci,a Mountains, 

,iurasslc veiw: make up less thall 5% of the Illolybde<iitu occur­
;cllces ill AIILona and 1I1ose are Iccate(j In southem Arrzona, III 
PI rna Courlty at the tlaboQu!varl MounU-Nls, III San'i-l CIIJL County 
at the t1arSf1dW district: In Cochise County at the Bishec area; and 
ill northcrn Yuma County where f-j rnoiybdenwTI anornaly al SWJ3r­
loaf Peak rnay ropresent dlssurnlnated rnolybdenlte_ 

Wu!fenlte 

The flaUlllty 01 Its thin, square plates and tllO translucent warrntll 
of its orange -to-yellow-to-red color have rnade wlJlfenlte a qreat 
favorite of mineral collectors_ Wulfeilite IS lead molybdate, PbMoQ.l, 
tllat crystalli7EJs In the te(jagonal crystal system and mm) corn­
rnonly occurs as square, tabular crystals, although !\ can occur as 
thin, octahedral crystals or acicular prisrnatic cry,;tals, Good 
Sp[)CllllenS of elmlry ffld. lustlous wulfenite platR~; (rom the fled 
Cloud rnine irl YUllla County am acknowledged by rnany mineral 
collectors to be arnong tile finest exarnples krlown In the world 

Although ,J few minor wulfenite occurrenCfJS Ilave been I()poltud 
from Precalllbrian or JUr3SS1C mineralized systerns, most wulieilito 
ifl Ari70lla IS associated With late Cretaceous (80 to 70 my) and 
middle 'jer1iary (30-15 (l1.Y) age iead-zlnc-sllver dE)PO,;ltS, Wulfe, 
nlte occurs Irl tilO oXlrJatiorl 70ne of t:lese depOSits and IS often 
associatE:)d With other late-stage secol~dary minerals, SUcil as, 
lirmlilite, vanadinile, pyrornorpllite, desclolZlte, rnotiramit(), rnilllE)­
tltU, and fornacite_ In lead-7illc-silver dUpOSltS, wulfunlte typically 
forms later than COIIJSSltU, ij lead carbonate (PllCO'j) formed tJY 
the oxidation of PbS, galell,1 

About 15% of Ali7ofla's 'eported wulfenite OCO-Jrf()llces are OX! 
dation products of :uad-7inc-silver millera, deposit~; tI"at oriQirlally 
formed dUllng the late Cretacoous (early part oi the 1_f-HdlllldfJ 
orogeny) lhe Glove rnine, located south of -iucson in tim western 
foothills of the SafFa Rita MourltflirlS, is world farr-ou,; for ItS large 
vugs !:ned with wlllfor'lte clysti-lls ,hat arc as rrllJch as ;our il:ches 
on a Side Ot~wr weli kllown wulfenite iccalltles frorn kllOWII 
or probable late Cretaceous lead-Llnc- silver districts ar~) In tim 
fi-HnDUS sl:ver mininQ d,stricts of TOllibstone, HlfJ Courtiand 
Glceson area 15 IniifJs rlDralei-]st of ·lornbstone, the Frr'pire 
Mounta!rlS 2tJ Il1lles souHleCJst of Tucson and the Old YurTli-l IlIlne 
-nlhe AIlIO'~) (J;strrct 15 Il1llps northwest of T UCSOIl 

Auout 20% of ArrLolld wl.lfm~it(l occurrences de assccia:ed With 
I[~dd-Llnc; mines ill the outer LOnes 01 pmp11yry cop pel dlstrrcts of 
early Tertiary dOt) (Iatp.,' pmt of :he Lararnide oroyony) Tilese 
wulferll!e occ;urrer,ces arc very 11111101 such dS tllO trace qlJi-Hliltles 
iDLJlld III tilf) lWln lluttes rn'lle III tile PIMa district SOU:ll of TIJCSOIl_ 

lhe 79 mine is i-HI example of all (-larly lert,ary iead-Llnc Silver 
rnir'e w:th m!ilor coppel perlffJldl to the Cnrlstmas and Chrlito por­
phyr)' coppur districts [!Ie 79 [Tille contains orilliaril (JIdil[JU_ 
tldl>SP,](Cllt, COfTM1Crlly eJn1laWed crystal,;-- sorne of W[IIC~I are dS 
,arg() a~; ,1'10 Inches i-lCIOSS, Muc') of i:lfJ wultenl!e Ilas il dlstw,ctlve 
'od dot ,,'l the (;efltel of t~:e th il ,;qlli-lI(~ p!a:e!:;, dlld IS otten hiqll­
li~Jhted on i-i rTIi-ltllX 0' UilCk desciol/ll(), 

Alrncs[ i-J third (30%) 01 AIILona wul;erllt() occurrem;es drc In 
ledO-L'nC- Silver (j is:r;cts Wllich '.vere f()[rn(~cllr_ rrl'dc Ie I crelary time, 
:'lese wl.lfellilPs iilf) ilSS(;Clilte(] 1'11"1 'n,/ollte VclCillllCS arid II"I:J-

slves tI,at arc about 35 to 15 rniliion yedlS oiO -111e rnost fi-li'lOUS 
all10ng tnese IS the Hed Cloud mlfle Ilolth of YUf'"la in the Silver 
(jistrict oi western Arizona Here, brll'lant. dark red crystals occur 
dS thick. square. flll.t-iopped pli-it()~; modified by slanted Sides 01 
H'e pYlarnidal clyslal fOWl OHler notable rnid-Teri!ilry lead-zlnc­
Silver cJeposlls that Ilavc produced quality sr;uulllens of wul:enl[() 
are ti1u Illiilup rnlne In the Ch,rlcahua Mountains of southfJastern 
Arizona tho Aravalpa district in Gral>arn COUIllY, the rlowlRY mine 
20 miles west of Gila Befld in Maricopa COllnty, and tl,e 
rnl:leraloQically-diverse Marrlllloti>-St AclH:OIlY lead zinc-sllver­
goid depusli at TI[Jm, 45 ll1il()~; nortll of Tucson, 

Othef Molytl(jeflulTl Miner21s 

Twerlty-sevefl powuiilte occurrenUJS hi-NU boer reported from 
AfF7011cL rlJfe powe!ilto has a forrnula 01 CaMoO" However, varyinQ 
an'()IHlt~; of tlmUs[en substitute for molybdenur::, up to a formulCl of 
CQW04, wilich IS scheelite, tim ()t~lf)f end membel of the ~FOIJP_ 
Scileeiite IS commorlly assOCiated wl:h powolilte: they both forrn In 
the tetragonal crystal system and cornrnonly occur as crystals will, 
pyramid shapes Oil upper and lower Ilalves, They are hOtil Ilght­
coiored stlaW yellow to Qreenisil-yellow 10 brown or willte, 

Sixtecn of lhe reported r;owflIilte occurreflCUOi are associi-lled 
with porphyry oopper minuwllL<-Jtlon of oally Tertiary aqe (Um later 
part of the I arf-w'idf) orogeny), -I hese chaicopyrite, chalCOCite arld 
mDlyhdePlte depOSits generally occur in Paleozoic IlrTlcstores or 
quartLltos which have been o;trOrlniY fractureC Orlly one powe!iite 
occurrenco was reported frolll a I ate Cretaceous milloral deposli, 
at the Hiltorl TUfl[!siElll clalrn In tile Lrnplre Mountains soui!least of 
lucson, 

A few IIIlnor occurrences of poweilite are reported from .Jurassic 
IlllnurailLEJd systell1s, such as at Risbee and irl the Baboquiv.'-JJ; 
Mountains south'lest of Tucson SiX ()CClmerlCfJ~; 01 powellite weffl 
telitatiVely assiqned a P;()cambrran a[Jo_ Mos; of ttlese were 111 tilC~ 

While P'oi-lcho dlslrlct nortl-'west of PhoeniX, in velrlS pi-Hallel to 
SciliStosdy HI tho rlost rocks, which are garnet-epi(jo\u schis~ 

bar',ds Within a Dlack I~ornblerlde-biotile schist. 

Mlnerallzecl systems that carry rnolybdenite COlllllI(JIlly contain 
yellowish coatll;Os or fibrolls lllHidles of ferrl_'llolybdlt() 
(Fe2Mo30'2 BI-bO 1,I,'!lh some I eMoCk3l-bO) '11 their OXldi7\;d 
LOIl(~S TW(JI1lY-On(-l localities wero compllod, rnost of which were 
from ttm lalo Crotaccous- early 1 ertlary porphyry copper depo~;lts, 

Anothel f!-lle oXldatlOI' product of mo!ybdenite-bearlng 
rnineraFzcd rocks, hndQrenite, occurs as thir" qreflil. transparerlt­
lc-transl:.lCent, tabuiar-,u-platy cryo;ta!s FOIJr localities are krlowrl 
In ATl701la, the rnJS: llotf-JlJio of wlncil IS at the insplratiofl purphyry 
copper lIIirle irl the (]!obe Mlarnl distrrcL live, IlndQrenitu occurs 
as platy a[Jljwljatos In I,ydrotherrnally-altered schist and III seallls 
W,(fl molybdenite and powelli;e 

Three ()t~lel riHe 'nolybdenum 1l1,'lcrais I,serrmrmito urnohoite 
ami JOlrlisltEJ occur With stratabound copper-uranlurn deposi:s III 
sandstones on the Colorado PIHieau Ilserna:lIlito ,s a hlack-to­
hl~lisr,-black rnolybdelllJill OXld(), M030n_H2 (?), that becornes hlu() 
erl exposure to i-lil_ Jt OCCLII,; as f!dr,hy CIllStS or stains and I:; 
Ip.adily solutlle In watcr, rnak.lnU a dfJep biuu-coIOfb)d SOilJtl()rl' ,t 
sornctlill()S forrns after ,he 'nine tL,nneis and :;I;alts are rnade, 
lJrnohelte is dllci!ler hlack-to-h'IJish-uldck molytldelll:IT, ()xlcip., 
UChMo04 411,,0, Jim ccntalns ur8.lwJ(Tl It CCCUI~ as tJrlllht alrno~;t 

",otailic locking, f,ne Qrairled, crystad:ne, platy or follatcCl a~lgre 
gates, or srnail plateliKfJ clystals lila! (Drilled dur_llg tllC ea'ly 
std(]eS oi oxidi-l1iOII Of IJfanll,1ll Iflll1fJlals jordlsiie ,s f-l'l amorphJlJs, 
OP,J(lLJe, hlack powrJcry lllolytJdenJiT SUlf'de thilt cCC'~Jrs !II as 
soc a:lon WIJ, ':iCI)'.,-,IlIWe n uranium dep(JSit~, U:l he Colur"do 
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TABLE 3. MOLY: SELECTED GEOLOGIC AND METALLOGENIC CHARACTERISTICS OF LATE CRETACEOUS 
THROUGH MID-TERTIARY WULFENITE AND MOLYBDENITE OCCURRENCES' 

Prlncipat Reported Metal ChemIstry 01 
Molybdenum Minerai 
Minerai Deposit Type 

Occurrence 
Description 

Production 
_______ -"(Kg )( 10') 

Cu: Aasoclated 
Pb + Zn Zn:Pb Igneous Rock Age ------=--­

Wulf"",te l e~d-7Ir'C-sllve' 
dlsiriCIS (t2)' 

W,IIi ccrUSS'iH In OXidized lor,,,.': 
Galena, Splll}I""I", a"d min'" 

______ cdc"".'ccc~"".Yr,le;n Sulfide Lone, 

eu 

" 
Pb 
86 

Zc 
61 

1,;>0 1 1.4 aIKal!c' ""d TerlrHlY 
(3" l~ my) 

Mclybdw"te Porphyry COppCI 
districts (26J' 

VIII', Gh~lcooyr,:e and bornite In Ihe 
sud'uc lorlAS of (he copper­
molybdenum cunl(]r~ {JI porphYIY 

2<,,253 27~ t 292 141 calCIC' late Laramide 
('!O-~O III Yo) 

WUlfenitc Lead zinc siver 
d,sl"cl~ {jj)' 

copper disl"cls 

Wltl' ccru~sll" In OXldl7"d 7unes, 
Galena Spll<llerlte, Dnd minor 
ch~lc()pYlitP. I~ slJifld" lon" 

1 9 1_3 HHrly Laranm!() 
(80 7[) m,y,) 

1) ·\1"iW abulldan{;() Illl"'es fir" baSAd on a Gomp lat,on of prod',etl{)" dHI~ for 49 dISI"':ts w,thin the Soutlwast Arizona and Southwest New Mcxlco pOlphyry 
copper custer wl'efo ~ %Ifldc systcm c"<lld bH reco~JllI?ed I" mosl cascs cach district "ullsll~LJI8S ~ slnf]le 5;ilfHlp. "YSIHIll 'h~1 IS, sulfrrie system data includes 
ali mines 'l-iltrin a distr'ct w'-,icll have produced flom eplgcnctlc vein systems wll'cn can be Iinkod spar;,'~ly nnd Icrrporally to a sing I" Ign,,{),," eVHrll Th"s, 
p""jlJCi'o!: dal" was cornpo"l"d from all m'nes conSlrJereri tn tiP. In 'h" d,slllCI 7or"lll) piclure, not simply 1I)e m,nes thought to be at the cCfltcr of tile district. 
~mphasls IS th~S on letal mc!ni urnp'HcHd [)v"r all "nlilu slJlf.de syslem wll,ell I~ dl~f"CI wldp. In lis drrr'Af1Slor,s Hild IS a cor"poSlI" of sever~1 or many sm~lier 
deooslts, [lata In Tab<e 1 'S ba&ed on t900 t975 product,on data, Tne '900--1970 U,S_ Bureau 01 Mmos ycarbcoks nrc tr,e prrmnry d,,!a suur"" TI1<8 SOLH"" 
was aUi)l',,,,,ted by B(;MT flip. datH 'Ind ~nf1ual company reporls 

2) A:k~l,c as used here ",cludes Igncous IOck~ SUilC3 wllosc pctassium {K,O) contert at 57,5% sdlcn'~ oqua! (0 or greater tlla" 2 5%, Calc,c cocks have K,O 
cont",)I" lASS !hall 2_5% al57 5% <>10, 

3) NUrll;c' i" parentllescs ,s nucrber (Ji dIStricts wilhln 1110 poruhyry copper cluster ;:;(e~ 

Piateau, Jordlslte may also be prescnt !n tne oXldlLed zones oi 
porphyry copper depOSits where it could be rnterll1ixed with black 
copper oxides, likp. ifJrHmte or 'black' chrysocolla, or could poso;i­
biy be mixpd wiHl rTlf-l!lU,meSe oxide rnirlerais at many of the wlllfe­
n;to IOCi-ltl(JrlS 

Geologic Implications 

Willie fi:iillQ ou i the CRIB sheets for Mohave County, WhiCh 
prrmanly cOfltdlned InolybderlltfJ ooeu;rences, and those for Yuma 
County, wr'lcil predornlnantly coriaiilud W'.Jlfenitf) uccurrences, 
mlneraloQical patterns emerged whicll have been cons!stentiy 
nmillta;rled ill ;he rellll-llflirlg counties, No rnolybdcll!te was re­
portfJd :rl ihe Sillfi(jf! IOlle of imy ,cllll18ral OCClmelloe that COIl­
tailled w;Jlfunlte, dnd no wulf(-lnlt~) wao; Ie ported ill the OXide Lonc 
Df any occurrence that contained IT'olyl)(j()lIl:f) in !1m primary sui 
i,de (or IHlOxidi7ed) /Olle AI!houQh 'Nulferlite is fChHld ;n 
rnolybdenlt()-l!()allny porprlyry copper dio;t::cts, It cOI'sls([lntly oc­
Curs il1 t!lC' lead-Llnc portions 01 [llC distrlCI and not In t~le 

cooper-ll1olybdenurn part of tI-,c dlstrrct. ['IUS, Illo!ybdenlte and 
wuifenite appear to bfJ n:IJtually excluo;lve at tI'le local orebody 
eiCil:e This pat!fJr!I h;.;s tJe("11 Dreviously recoQnlzed for severa! 
'"Inus WflelfJ Olsen (1961) and CrPdsey (1950) ,;rJfJclflci-llly 
searcl,ed for but ;alled to find p'!'Tii-lry m()lyhd~Hlite at eliher tllC 
Glove or ManliTlotJ. St Anthony rrlno~;, t'NC l,llntllJS wulfen;te 
I()cf-],ities Ths pf-ittwrl \101(jo; trrlfJ for tloe 15C Arizona 'Nulfenite oc­
CUrrf!IICeS cmq;liEJd 1:1 till) pr()SHllt study 1\lso, wulfenite WBS i;lf) 

only oxygcll-bea;l:lg rnolybdcnur" :Tllrimi-JI at ead] IfJDurtcd local 
IIy- tl,a! is, no specimens o! lill(]~Fcnlt(), furr'lTlolylJcjlte, JOrdls,te, or 
IIo;err-anritc INere rf!portmj frolTll-JrlY wu:lu'ltu lucallty aln1ougl'l :er­
",-Tlclyhrj';e s comm()n II' thl; oxide zonc of rnoiybde'llte occur­
rerTES 

Arrethf!r patter.'1 Hlil! cllle!uccJ WdS mm In ,ate c.'e~accous-early 
Tpr'!iiry perpl'yly C()~lper O'istr'ct~i t~',f! (Jreat oulk. 01 rnolyD(jf!I'lie I~; 

CDncC'n'JiJtc(] 1,1 f'ilctures th'~t cr...t slll(;I(; I[JIIPOV; nost rocks 'n tno 
copper rnolybclc~'llirn cores Dr cer';els of tile (j,:-;trICi.; WIIC'c a 
S'Jh~td(ltlill i-irTlOJr: Df all()red (;dicrIJIII-ricr, carbOllctlc sedlfTIer''­
tel.'y '(leks or ~-;ki-lrrs O~;ClJf -n tllC' cOf)[Ju-:"olyh(Jen'Jrn COles, pm'!­
(;<'Ite IS rnO'l~ cor;'IIICI' iJl~d crolybdc'll~e les~ co"'rrl:lrl WIHl tll(~ 

pxcep"cl: of ·'10 OIP'lilIl '~':le If' the G'alld Canyvl, r,(; In;)!j';Jd(;-

nito or wulfenite has been reported froll1 the Colorado PlatearJ 

1 he rnillordiooicai pattems appear ;0 indicate t~at different 
geoloqic envlronll1()nis InfllJfJncmj the deposition of different 
molybdenum rnillcrais Table 3 SUllllT'arrLes :he Goologic COfltrasts 
between wulfenite and molybdenite occurrences. WulfEJIllt(J COI1-
sls~cntly occurs in cerussite-bearing oxide zones of lead Llnc­
silver deposits w~lIch c(Jlltaill flO prlmmy molybdenite These lind­
In[JS are consistent wllIl the concluslOiIS or sfJveral authors 
(Creasey, 1950, O:sen, 1961, Antl,ony and Hley, j961) that rnolyb­
denurn IS exotic to the origin a! deposit and was Introduced latc In 
the OXidation scquem;e of ihe deposit, typically after cerussite had 
already formed Hepmtod wu!ienlte OCC;Jr"cnces III porphyry cop­
per dlstrrcts are associa,ed with ZIIlC, rlc!l, lead-Llllc-s.lvor de­
pOSitS, whllu wulfeflitp. occwrences in the non porpllyry copper 
dis,ricts arc Cls:-;ocii-lted with more lead-rich, lead ZFflC-Sllve:- diS 
;nets Wulfenite IS only a inlJlor rnlnu'dl ill t~lfJ lead-7ine-silver 70nes 
o! krlowil porpr.yry coppers, while It !S cOlll1l1only ahlJnda!lt If I the 
I(wd-/lnc-silver districts, Signiflcantiy, production 01 wulfuilliu con­
centrates (Tahle 1) is limited to lead-zinc-silver diStrictS, Wltll tl,e 
exception 01 i~1() 79 mille f-lll IDcal;tles w,th erlouQh wulfenite to 
plocJuce coi!cctabiu speCllllens 01 W;Jlf()illtu dl() ill IfJi-ld-711Ic-sllver 
dlsifleis 

The foregolilU otJselvf-lti()Il~; suggest that rnolybdenum was 11',­
troduceC to lead-Zlllc-~;ilvel deposits during their OXidation, and 
Blat :ilfJ leiJ.(j content o! tile,;c deposl's was important iO !he 
arnount Df wulfenite tnat could form, I-iencu, WlllffJfli!f! i~; more 
Cl.bundailt III lead-lich, ~ead zinc slive' doposlt;; TiI,ls, ilJJfjp. 

iJITiUUlltS of wulfeilite it! i-l (liVPIl iDca ity provide a negative clue to 
the jJo~;:;rhle cccwrcnce 01 a cOil(ernpurf-Jlleo\JS pocphyry copDer 
or copper-moiyhcJerum deooslt In PIC drc,tr-ct HilS rnay ref:eci [he 
file! that assoclatU(l l~rlfJOIIS rooks of 1!l8 same aQc as ~hc Icad­
LI.'lC-Sllvf!r districts c,rc (;on!;I~-;telltly more dlki-llic (~'Qher !'l potas 
Sill,'"" and ~;ocJ,urn ar'd cornpara:lvC'ly kJV.' In cdicllJITl) a:ld lEad-rich 
tha:l ,gnco'.Jei fOCK:.S ~~ssoclated wltn porpnyly cCJpr)(HS ArlOI{l(-)f 
,lTlfl()(ii-JII, regatlv() il(ldll1] of j["P S!cJdy was tI'at wd tho pOei~illllc 
(:x(;ep[I(HI 0' t'"1e St()cpll~ Ruck d,si.c,et CHI tre Ar,zona New Mcxlco 
oour'dillY f!dS I of MorCl'cl, 10 C\ild(~I',Ce uf i-J CI,'Tdx-~ype porpl-Jyry 
rnolyocW'lIJ'Yl OCC,.Jfrencc In 
Iitcraiul () tid 'NilS px,-W'inec: continued on P"~" 12 

I 
I 

I 



Page 10 8ureou (If Gpoi09Y and M;ncfor Tochnology )Poicn,bcr 1980 

IS THERE A CASA GRANDE BULGE 
AND WILL IT CAUSE EARTHQUAKES IN ARIZONA? 

By Richard H. Raymond, Gail E. Cordy and Gregory M. Tuttle 
us Water and Powcr Resources Servicc, P 0 [lox 6972, PhoeniX, ArmJna SElUO" 

INTRODUCTION 

Heavy groundwater pumplIlg In south-cp.fltml ArlLona has 
caused groumiwBter overdrait and extensiv() water·!evel declines, 
pJrtlcularly Irl the Picacho Basin (U S. BUrDJU of Reclamation. 
1976: 1_i-Hl!lY Jnd others 1978). Earth fissuring ami widespread 
land subSidence have accompanied the removal of groundwatf!f 
(Lalley alld others, 1978), Hoizer (1979) stated tiwt tile !and sur­
face rose 6 cm ill part of the Picacho Baslll In response to grOllfld­
water pumping. 

Holwr (19/9) theorized tlwt unloading of the lli-lrth's crust by 
fP.movJI of large amounts of groundwater irl south-central AfiLOna 
causes the lam) surface to rise In the samfl W3Y that loading by 
iarge reserV[)lfS causes the land surlacf! to depress, He also 
speculated IIlal In tocionically active meas, unloading may calise 
p.artilqlJi-lkos, '1 hiS concopt SIIDDp.sts tllD possibi!lty oi earthquakes 
III IIle Picacho Basin Sl,8 of part of the Central Ari70lliJ ProjP.ci 
aquoduct (Figure 3, p, 6), an 3mJ of greatest groundwJier lovfll 
decline in Ari7(mi-l Because of the poterltial for seismic actiVity II, 
the vicinity of the aqueducl. Hol7er's tllCory required further 
analYSIS by the U. S. Water and Power Resources Smvlcc. How­
ever, after reviewing his work. the authors question Holzer's 111-
terpretatiorl of surveying and seisf'1ic data, as discussed below. 

ELASTIC EXPANSION AND LOADING 

Gased on leveling survoy~i III 1905, 1948 49,1967, H.r1d 1977, 
Hol7.er (1979) llstlmflted that tne land surface rose (ulastlc expall­
~ilon) 6 em from 1948 to 1967 in the areas nortrlwost and northeast 
01 tile town of CasJ Graflde He suggestfJd tllat this rise was tile 
result of removal of Illom tharl 43 5 x 101 :' kg of groundwater and 
subsequent dimiflishment of ~;uffi-lcU stresses, 

HolLur (19/9) stat(:ld that the rise or elastiC expansion (mass 
loss) III areas of groulldwater depletion, sue!: as south·centml 
Arizona, is comparable to tim depreSSion or clastic compression 
(mass increase) of the earth's surface caused by loading in re::~er­
vOir impoundments such as LJke Mead, Ari7(lrla, ApplYing tllf! 
theory of elasticity, 110 compared deflf!ctlon of tile earth's surface 
(W ~a;;) in terms of depreSSion or expansion in areas of loading and 
IHiloadlll[] (seo T,JtJle 1) BecaL.se of the MASSi(AREA)" {atlo for 
soutiLcontrJi Arizona (8.93 x 10' I kgikm) is approximately one­
hallthe value of the ratio for Lake Mead (15.3 x 10' I kgikrn), Holzer 
(1979, p, 4690) stated that lllan-lfld;JCod uplift in SOIJtr'-cerltral Ari­
zona from 1915 to 1973 should equai approxirnatf!ly orlcHlalf the 
duprRsslon of 17,8 cm measured at Lake Mf!ad In fact. tile pm­
dlctod uplift (W,,,,xl for souih-centml Ari7(Jrla I,; 13,2 cm (see TJblo 
1), signlilcantly greator tilwi olle-I'mif trl() dp.presslon at Lake Moad, 

SURVEY DATA 

There am several reasorls to queslion the Interpretation c/ level 
ing data by Holzer, In detp.rrntnillg crustal expansion, Hol7f)r (19/9) 
used unadjusied dati-l lrom two IClrlg level iifles Tim dJta werp. 
collf!ctRd OVH a period of l2 yeJrs by various Jgencies (U.S, 
Geological Survey 1905 and 19/1, NJtlonal GeodetiC Swvoy 
194B, 1949 and 19(7) Although all of tile surveys (excp.pt 19/1) 
were performed to First-Order standards, ;he data may be iess 
accurate ill thp. ei-lrly surveys due to Ilmlt(:ld pmcislon of levelillD 
instrumf!nts Thus, comparison of unadjusted leveling data may 
not be suffiCient to delerm'ne the minima: rise In the land surface 
reported by Holzer, 

Data points III tim oarly survoys were widely spaced and rTldny 
of the early bencll mJrks were dlsturhed or destroyp.o tmforc later 
surveys, The NGS survey of 19t18 roported tllat tmnch mark 133B 
(Sf!t III 1905 irl alluvium) was leaning At tillS time It was labeled 
T27/, Apparently tillS mOliUll1ell; IIi-ld been d:sturbed. perhaps by 
subsidence, yet Holzer used the 1948 levelin(J i-lt 1338 to deter, 
mine a G,2 cm rise in the land surfacf! fnWl 1948 lD 1967. In 
fact. plJblished adjusted values tor bencll Il1nrk; 1338 (127/) and 
neJrby W277 show COlltlfliJi-ll 8ubs,dence (no upll:t) irl tris mea 
(Table2), 

Holzer (1979, p, .1692) computed all oievatlonnl chanqes in rela­
,ion to bench mark 12B3 Which was set In allUVium. The ahsolute 
cievation of 1283 WH.S ullknowll, however, it was C[)rlsidmed stable 
by HoILo{ on the baSIS 01 only one otiler poiflt, [lelld1 mark Enid, 
which was set in bedrock 1 km away, Tho authors suggest ,ha: 
bench mark 1283 should not be considered absoluteiy stable as 
Holler sugnested unloss!lm stability of 12B3 and EI~lct arc 
evaluatod by reforonce level data to sp.v(:lral otilOr stJble points 
outSide tile areJ or by large sCJle evaluation as part of tile national 
level net data adjustmenis in Arizora, 

In evaluating data errors, Holzer (1979) used the "norllirlal accu­
ri-lcy between poirlts" formulae pllhllshed by the Ff!dmal Geodet.c 
Control COIl:mlttf!U (19/4) for the NatloflHI GeodetiC Network 
Thoso standards speCify limits of a,lowab;u mlsclosure (error) lor 
each class of level line. However, nomlllJI accuracy critmli-] i-Hf) 
applicable to only lhe most predse data, i\ssurning First-Order, 
Class Ii leveling, tim dl!owablf! misclosure (rlOrTlini-Jl accuracy) be­
tween bunch marks 1283 and 1338 i<; :±. 2 mm VK - 1.2 em, where 
K IS tI,o dlstanco between bencll marks III kilometers (HoI7er, 
19/9, p, 4(95) In practice. ttle surveyed data can be m[){e rcalls· 
t:cally evaluated hy the "pemllssib;e error oj clowru" technique 
(F'odoral GeodetiC Control Commltt(:lp. 1974) All approp'iate ac­
curacy of within + -1 rnrll VK (tWIC() !fle nornnal accuracy) IS 

TI\BL~ I Cun'p~rI:;on o! l'otenl',,1 for Expw'sion or Dcprc';~lun of :he '-rust 8ene"ln SHiR"led Areas Wlih Mass CI1anr;es' 

M",,~ L.O," ArHa , rne 
I Geal,on l(}" kq ~1l1' l'c.'IOQ 

----

So"I!' ccnt'al A, 7("'~ ~3 [, A 870 tO I,8 C, 
So,"lh-ccnt,al A c zO") r.0 2 8,070 1,1'~-13 

lake \1ead Ar'7on,,-,\),w 37 V' C"' 1935 " 
: C,~R Pcwell, A'I/(" il 2b, t·· t79 July t975 

7"Calc~IJlcdW,"", _ 2i l",")l) rrl 
IT'" hrf-i),' 

',\1oJlf:cd ir""l HOllC' -: t070) 

. 'RAser'",,' :npmJC[]'r HIt :,T"SS InUH%p.} 

----
CalcT, Mass."(Arca)'· 

10'1"", (;r'l 10" ~qi,rr 

7.3 4 s/. 
132 893 
n; 1b 3 

1(: S 

wllCro W"'" - dc'lcc: on a: ccnlcr u' c"cl~ 
[ _ Ynuno s'r"":LJI,.s 
" - I'o,s~o" s 'a'lo 

lIc[erencc3 

AWC(lg75) 
AWC(1~1~} 

I ,,,,,]wel! (1960) 
Raohaci (19b4} 
IJSGS (1978) 

T - 1'303 of IOdd 
,] _ aC"Hlerallon Of r;r 'VI'y 
H - rocf".~ "I "'"ClHar ~\re" 

Volume 10, No J 

Ind;cdled by Ihis method TIIIJs, for thf! 36 6 km distance between 
bond' fnark,; 121:\3 H.nd 1338 (whf!fR IlolLer InlCrpreted 6Y crn ot 
crusta! expansion), a mlsclosure ot as 'Luch flS:!: 24 em wOIJld bf! 
acceptable for any singlu unarijuslmj flW lJetwucn thosc 110'10 
pOints, and the maximum acceplfllJle il1lsciOSIIrU between unad­
justed data rim along tillS lirlf! In rJlffurCni yo,us (i,e, 1948 and 1967) 
could be as much as ± 48 cm. Similarly, ~O{ bencll mark 1283 to 
D367 (8/ krn away), u,;lng unadjusted data irom runs if I two dlfff!r­
ent YDafs a rrwxlmum rnisclosure of as much as ± 746 em IS 
perrnissiblo for First-Order. CI,lss II standards This Vi-lluo tOI error 
IS (Jreater than lim "slgnlllcant clastiC p.xpansion" of 6,2 cm cited 
bj' HolLflr (1979, p. 4693) in the Plcacllo Basin, Ilorthwest of Casa 
Grando, 11 similar situation occurs at bonch IllJrk Poston, whuru 
Hol7er (19/9, p 4f:i90) rp.ported 7.52 cm of upiift (1948·-1907) with 
rf!::;pec! to 1283 U::;lfHJ tllf! permissible error formula ciimJ abovu 
i()r 1948 i-Hld 1961luvul da;i-i, the l,plitl value IS withifl tliC~ range of 
Jcceptablf! mlselosu re, 

TAIll ,? AdlUote,j l ,wIJI V"hJHS for [lench M~r<s 1331l "n0 W277' 
((,Itltude ~bovc me~n sca ,cvcll'! iCC!) 

---~-
I::\w'ci'Mmk !905 19~1l "" 1967 1977 

t 338 (1905) t 331l 70~ t 3~R 4R2 1 ,'l3R 442 1338 ~O(} 
- T?ll (184S) 
W271 13~() 5C2 t3~(},55b n4Q.Mb 

-----

'Marshall (t915), NGS (194S-48, 18bl) U,S.G,S (1977) 

SEISMICITY 

HoILp.f (19f9 P 4698) theorized that eJrtllquakes may be 
causod by unloa(tng llccausf! of groundwater withdrawal irl tr,e 
I'icacho t)asin It eartllquakes mily rp.slJlt from IJflloadin[j. alld til() 
aileoed unloadinQ is similar to reservOir loading at Li-Jkc Mead and 
cornpmab1e areas, as Holzer staiod, thel~ earlhqunkes sl,ould 
havu followf!d loadlll[j ai Lake Mead and comparable areas, In 
fJct. thu eVlduJlcu IS to tim uJiltrary The areas of greatest 10CldinQ 
,md SIIbsidence at i H.ke Mead were notably aseismiC, Anderson 
and L,muy (19l5), ijrld Mickey (1973), concluded that seismicity 
WJS Ilot a dlroct ro,;ult of loading oy t~w rTlass 01 the lake, Ratlwr, it 
was a result of rapid cllanges In 'Natm ilNf!1 

Similarly, a comparison of M/\SS/(AHEA)"" values flom the LJke 
Powell reserVOir, l\rI70fl(-l ar;d south centra: !\rILOnJ further con 
firms tili-lt IOddirl~J (and compi-lratJle clnioad;nQ) does rlot cause 
eartnquakf!s. Lakp. Powell ill Glen Canyoll [)am, 5::'3 kin frorTI <he 
PicJcilo GiJSiIl, lias a ratio vilJlm of 10 8 x 10 11 kgikm (Tahlf! 1); 
sif~lI!ar to tile value for SOUtll cent fiji Arl/orli-l of B 9:~ x ;01 ' kg/kill, 
Ilowever. Mickey (1973) showed 0. dclll':ltc doucasc In IOCJI sels 
mlc actlvl'y fuiloWiflg IOddlrlg at lake Poweli 

it IS partlcllldrly ~;Ignillcar~t to note the absence of measurabie 
seismic events W'1I11l': all tJO-km (:-'0 m:le) 'adius Df ;rlp. I'ICilChu 
BaSin (FIQwe 3, p f:i) Holzer (1979) SU[1(Jf)s:(~d !1m pOS~';lbillty 01 
seismiC nctlvl!y due to '.JIlIOij(jllll] if I this area, If Ho',zer is riQht t:18r1 
the sul)stant!al ullloJcllllg 'NIIiCh hi-IS ()cClmeeJ siflce Wml(j War II 
~ihOIJld have caused ear~llquake,; Ifl 111(-) Picacll() Basill Scvt:riJl 
qround trRrTlO'S 'Np.rf! rf!porte(j by tile l3IA supervlSO! at j-J,cacho 
!'1eserVOd In carly 1975 (Ycrkus ,md Castie, 19/6), olle of vmich 
Wi-i,' concicent With a rapid drop ul 1:-,0 rmn ill the reserv()ir Wi-lie,' 
1(~vp.1 hmvever, reirce (19/S) sllggcst()(j Hldt IT!i-my ()f thp. Inw 111-
'f!!I,;I:y "seisrr,ic evp.r1t,;' ,rl this i-l.re3 W()rU ti'f, 'f)sult d i-JiIlI()S[ll'crlc 
:)llf~rlcfTlefli-l rp.liJif!iJ to ,;UperS()f'IC :et booms III nddltlon HO'LU 
Jnd otrlef,: (is)7!)) Clteci '" Illluop.wthquake Inves~ILlet'or' con 
d,Jcc(~d :'1 197/, IIDltr, of floy-, wI': ell ~:()I1;,m'ed t1Jt ~'le ~),caC'lo 
Reslr 'NJS rot sul:;jeCl to SPIo;m ca,,\, dctlVf~ :~)clorlic P;OCW;,;f!,' 

CONCLUSIONS 

FiH.S';C ()X!ld'IS cn or ';:e fl tl,c Idid ~;'Hi,'\C(; as 'eported C')' 
IlolLt;r (1979) ,.: qllf!,:, CI'()d (JI" :!1C CJSIS trat 1) IIIIi-ldll.o;tf!d d,]'" 
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wl,h vafylrig dugroos of nccuracy Jre compared. ?) data points 
,Hf! Wldf!ly spaccd and ITIJY Ilave been disturbed or dw;;royp.d III 
some ca~;cs, 3) cievJtlonal challges are compuled In rf!latloll to a 
slngie bencl, mark, and most impmti-Hltly, 4) If!vp.llllg orrors were 
evaluated by nominal i-lCCUli-1CY method,; wilich Yield mln,mai val­
ues of one half of the perrTlissatllo orror, 

LJnloCleiiflU dup. to UfDulldwater withdrawal is unlikely to inducp. 
eartllqudkp.s in south-centrai Arizor:a. Cornpi-J.rabie crustalloadlnU 
at Lako Mead and Lake Powel! hH.s no; Illggf!red seislTllc actiVity, 
and, more important. flO Significant eJrthquake epicenters have 
bum rp.(;orded wiihin i-HI 80-km (50 mi) radius of the Picacho Basir> 
(Figure 3, p 6) In (,Jet, ,ile area is notably aseisf~lic in Corlt'i-lSI to 
the selslT:ically JCtlVC areas to the southwest iHid IlurtlHlorthcJst. 
The evidence indicates that sDutil-colltral ArtLOna IS not slibject to 
Sf!lsmic activity as a ,eslJlt of UroundwJtu unloading. In addition, 
iTlore preCise leveling datil will be required in order to accuraiely 
(julf!rm,rle If crustal expdn,;ioll is indeed occurring as a result of 

groundwater wlthdrawJI. 
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~1,,1~ continued 

CONCLUSION 

Ari70fla's irlcruaslngly prorrl'llent molybdenum eCCJr10mIC pos­
lure IS Ihe rusult of ~Jeolog;c events durinQ Lamfl11de oroUeny, 70 to 
50 million years aQ() II Wi-IS Ihen that Ari7Oflf-l's Ureat prophyry 
copper deposi:s woro tJr)lpli'ICfJ(l cl!ld, fllo!lU with cooper, a siQ­
nifiean: amounl of molybdenum was deposited Thus, riot only has 
L arafTlide OfO[j'Uriy left I\rizonans with an mportam cop pm legacy, 
but also wilh" valuable 'Tlolybde'lum one as well 

REFERENCES 

!,nthony, J 'N, HrHl Lt,,,\,, 3 H 19G I, 3o",,, p",I,rnlnury Ob50rvatlons on tiwor"l­
ICHI ll"ochcmd'y cf rrlOlybdenum under SUPWf]HIl" cOlld,iIO"S A'IZ, GeCl' 
SClC, fJiqesl IV, fJ 183 116 

Anthony, ,I. W, Wiliams, S, II and 8ldoaux, R, A , 197'1 Mrll"ralu[JY ot A!I.wn;:;: 
Unov, of M,z Press, p 102 156,205 

Cre~sey," C , 1950. Ar'LGI'a Llnc nne lead dcpClsits GeolO[)Y []f tt\() St Antllony 
(MWT,rlCli!') area, PI",II COLJnty, A'imna, A'I7 Our. Mines Bull. 1[06, P 6~. 04 

Klnq, R. [J, 1969, Mu'ytJder:t.'rn Wid rhemucTl, III M'neral ana WillHr rHSGLHCC~ 01 
A'I'Oilil AnL !:lvr, Mines Bu'i IBO. p, 2:J0-?38 

OlsCln, ,I J" 1961, The [J.!()I(JUY of 'hH (,Iovo 111""'. Santa Cruz County, AII?D"a 
Unlv. A'I' . M3 1 hesis 

Sutulov. /', 1978 Intern~tlonill MolybdfmUfT; rncy<:ieJpaudla' 1778-19/0, v 1 
ReGolJ'oeo 8. P'od""t,Dn. I·'tcrmet. Sant'a(Jo C'llle, 401' p 

ANNOUNCEMENT 

The Arizona Geological Society will host a Tectonics and 
Ore Deposits Symposium at The University of Arizona, Tucson, 
March 19 and 20, 1981. Field trips are scheduled preceding and 
following the symposium. If you wish to be placed on the mail­
ing list, contact: John Reinbold, Conferences and Short 
Courses, The University of Arizona, 1717 E. Speedway Boule­
vard, Tucson, Arizona 85721. 

State of ArLwna 
Bureau of Geology and Mineral Technology 
845 N. Park Ave. 
Tucson, AZ 85719 
(602) 626-27:n 
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DuBo;, eonlinu.d 

fJar;:age In AriLOna from earthquake" hilS been comiderilUe 
over the past century and a half (Sf!f! Fieldnotes, v. 9 rl 1) S:'1CE) 
i850, nearly every porlicHi of Ihe slate has experienced eltller 
aartllqllake vibrati[)w; or ulhH Induced effecls of selsm!Clty (I ,a, 
rockfalls, flrfH;, liquefaction. flooding, waler table char1Qe,,) Apre­
lirninary vers;on of an epicenter map (FI[j'lHe 3) !rl(Jicates at ieil:;1 
110 earthquake" witFlin Ihe slatn whlcil wem fell or recorded since 
!flbO. An additional 100 evenls mllsl :;tlil lm assigned loccJllons, 
basod on collected observations. Isosei"r'1al maps, indicatinQ felt 
area, maximum Intensity and palterrls of irltensilY BttefhmlicHl, an·) 
being generated for several of the lilrue:;, tiislorlc earUlquakes, 
Conlour lines. erlclosln[j' regions of equal Modified Mcrcaiii Inten­
sities. am drawn after Intensity data are plotted for each locatio'l 
reporting effecls of the earthquake. Two examples are shown ir: 
Figure 4 I\t the conclusion oj the ;--,istorical seismicity study, 
geOiOQlsts, seismologists, and llrlUlnUDrS Will hi-lYf) several histOri­
cal models for use in pffldicllon of posslblo damil[j'f! from large 
earthquakos, In e,;llma:ion of earthquake recurrence in:erva!s and 
maximum sizes, and in analysis of relative seismic activity of var>­
DUS regions of Arizona, 

r'unds for Ihis proJflcl have come from the U,S Geological 
Survey. the U,S Nuclear FleQu,atory Cornrnissiorl amJ ihe Siatp. 
of Ar!70na, 
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